Seventeen to 20 years of mortality follow-up were used to study the relation of leisure time physical activity (LTPA) to coronary heart disease mortality and to all-cause mortality in white male US railroad workers (n=3,043). This cohort was initially examined from 1957 to 1960, reexamined from 1962 to 1964, and followed until 1977 or death. LTPA was ascertained by a precursor of the Minnesota Leisure Time Physical Activity Questionnaire. The risk estimate for coronary heart disease death, after adjusting for age, was 1.39 for sedentary men who expended 40 kcal/wk in LTPA compared with very active men who expended 3,632 kcal/wk. This relation was attenuated by adjusting for other coronary heart disease risk factors, but it remained independent and significant. Caloric expenditure in light and moderate activity, as well as that performed in any intense activity, showed independent relations to cardiovascular death and all-cause mortality. Associations were slightly stronger in occupationally sedentary men. These results support the hypothesis that physical activity protects against death from coronary heart disease and all-cause mortality. (Circulation 1989;79:304-311) P hysical inactivity has been suggested as one factor contributing to an increased risk of cardiovascular diseases (CVD).1-13 People who are physically inactive have been shown to have higher levels of blood pressure,14 excess body weight,15 lower high-density lipoprotein cholesterol levels,16"17 and lower blood glucose levels.18 Physical activity helps maintain flexible joints and physical strength17 and may inhibit the development of osteoporosis.18 People who are physically active have been shown to have less depression, anxiety, and stress than their more sedentary counterparts.'9
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Methods
Data from the US Railroad Study were used to determine the relation between LTPA and CHD. The US Railroad Study21 was conducted by Dr. Henry Taylor as a part of the Seven Countries Study.22 There are benefits in using this population, which include the availability of 17-20 years of mortality follow-up. In that only white males were included in the study, several demographic variables were controlled in the study design. All interviews and examinations were conducted in a railroad car that traveled to various cooperating railroads. From 1957 to 1960, 3,043 white, middleaged male railroad workers were examined. They were reexamined 5 years later from 1962 to 1964 and were followed until death or the termination of the study in 1977. Vital status was obtained through the Railroad Retirement Board. The board is similar to the Social Security Administration in that it provides retirement benefits to its employees, who are not eligible for social security benefits. It is believed, therefore, that death ascertainment was complete. During the first 10 years of mortality LTPA was ascertained with the original form of the Minnesota LTPA questionnaire, which was developed by Dr. Taylor. It was administered to 3,032 railroad employees at the first examination and to 2,538 employees at the second examination from 1962 to 1964. Frequency of activity, hours per activity, and hours per week were ascertained for over 50 activities. Seasonal activities, such as hunting and fishing, were assessed by number of times per season, hours or minutes per activity, and the number of seasons that the activity was conducted. Both round one and round two LTPA data were coded during 1977 and 1978 under a National Institutes of Health grant. Coding of the US Railroad LTPA data was done during the time that the Minnesota LTPA questionnaire was being finalized and validated; therefore, US Railroad data were coded in a fashion similar to the later validated questionnaire.20 Both questionnaires applied seasonal activities and consistent real-time conversions when the participant was unable to give specific times spent in the activity.
Activities were converted to energy expended, approximate kilocalories per week (kcal/wk), which was estimated by multiplying the intensity code of the activity by the duration of the exercise in minutes and by summing over all activities. Intensity codes represent work metabolic rate divided by basal metabolic rate and were based on previous studies in which rates of oxygen consumption were measured while various activities were performed.
Activities were further classified according to energy expenditure: light, moderate, or intense ( Table 1) . Light activities required little vigorous movement; moderate activities required moderately vigorous movement; and intense activities required the most aerobic movement. Because the distribution of the LTPA variables was highly skewed (standard deviation greater than the mean), the data were transformed by a log transformation for analyses that assumed normality. Test-retest reliability of the questionnaire as used in the US Railroad Study was not studied. Among men without CVD, correlations between LTPA scores at round one and round two were 0.30 for total activity, 0.25 for light activity, 0.33 for moderate activity, and 0.52 for intense activity. These figures include real changes in activity. Folsom et a124 studied reliability of the Minnesota LTPA questionnaire for a 1-month period, and they found test-retest correlation coefficients of 0.79-0.88, depending on the subscore used.
Men were categorized22 as being free of CVD and not being retired at baseline (n = 2,573), as having preexisting CVD at baseline (n = 465), or as being retired at baseline (n =5). Preexisting CVD was classified as myocardial infarction (n = 117), angina (n = 108), major nonspecific electrocardiographic abnormalities (n = 139), hypertensive fundi, peripheral vascular disease, or cerebrovascular disease (n = 101). LTPA and mortality were analyzed in several ways. Age-adjusted analysis was done on those free of CVD at the baseline examination as well as on all men, holding prevalence status constant. Results were similar with both methods. Analyses presented include only men who were free of CVD.
In categorical analysis of LTPA, divisions were made to correspond to references in previous studies9'10 that the beneficial effect of LTPA diminishes beyond expenditure of more than 2,000 kcal/ wk. The four categories used were 250 kcal/wk or less expended, 251-1,000 kcal/wk expended, 1,001-1,999 kcal/wk expended, and 2,000 kcal/wk or more expended. Because a large segment of the population reported little or no leisure time activity, those who expended 250 kcal/wk or less represented that subgroup; expenditure of 250 kcal/wk corresponds to a little more than 10 min/day of light activity (i.e., at an intensity level of three), for instance, walking on a flat surface at 3 mph. To characterize differences between activity groups, the geometric mean level of kilocalories per week expenditure in LTPA was used in computing relative risks. Two hypotheses for the relation between LTPA and CHD are 1) that the total amount of activity protects against the development of CHD, and 2) that aerobically intense LTPA conditions against the risk of CHD. Therefore, analyses of the component parts of LTPA were examined to determine the influence of intensity of the activity on the LTPA and CHD mortality relation. Relatively few men performed substantial amounts of intense LTPA. The component parts of LTPA were assessed by examining death rates jointly by level of light and moderate activity and by performance by any intense LTPA.
Occupational activity was labeled "sedentary" for clerks and executives and "active" for switchmen. In these data, socioeconomic status is strongly correlated with occupational activity. Mortality rates for levels of LTPA are presented separately for occupationally active and inactive men, bearing in mind this question of interpretation.
Preliminary analyses of potential CVD risk factors showed that smoking status, blood pressure, serum cholesterol level, and age were significantly related to CHD mortality in these data, whereas body mass index (wt/ht2) and the sum of the triceps and subscapular skinfolds were not. Therefore, smoking status, blood pressure, serum cholesterol level, and age were used as covariates in the multivariable analyses, whereas body mass index and the sum of the skinfold measurements were not included. Analyses were done with BMDP.25
Results

Level of Leisure Time Physical Activity
Among men who were examined twice, the geometric mean kilocalories per week expended in total LTPA at round one was 500 and at round two was 632 ( Table 2 ). There was little intense activity reported in the population, with the geometric mean expenditure for intense activity at round one being 5 kcal/wk, corresponding to less than 1 min/wk. Most people reported no intense activity (n= 1,592) or less than 251 kcal/wk expended in intense activity (n = 691). Only 279 men reported more than 250 kcal/ wk of intense activity. This cut-off point corresponds to less than 5 min/day of activity, such as jogging, at an intensity level of eight. Age was inversely related to LTPA at both examinations ( Table 2 ). Those who attended only round one were less active than those who attended both examinations. Total, light, and intense LTPA increased at round two; compared with round one, though, moderate activity decreased slightly. There were 165 men who retired between round one and round two. The increase in total LTPA at round two in men aged 60 years or older was accounted for by 91 men who had retired by round two. Excluding round two, retirees changed the geometric mean kilocalories per week expended in total LTPA for their age group from 318 to 330 at round one and from 510 to 290 at round two. However, total activity at round two was less for men who retired before 60 years of age than for men who continued working.
Total Leisure Time Physical Activity and Mortality
All-cause and cause-specific death rates generally decreased with increasing total LTPA (Table 3) . After adjusting for age, death rates from CHD, all-heart disease, and CVD were lower for individuals who expend 1,000 kcal/wk or more than for less active persons. Death rates for those who expend 2,000 kcal/wk or more were slightly greater than for those who expend 1,000-1,999 kcal/wk. The allcause death rate decreased from nearly 30% in the men who expend less than 250 kcal/wk in total LTPA to about 25% in the remaining, more active men. Relative risk estimates for CHD comparing those in the lowest with those in the highest LTPA categories are approximately 1.3. Table 4 summarizes results from the proportional hazards regression analysis. The natural logarithm of total leisure time activity was significantly inversely related to CHD and all causes of death. At round one, the age-adjusted probability of death from CHD and all causes was significantly greater in those with less LTPA. The t value for the regression coefficient of CHD mortality for LTPA was -1.94 (p = 0.05) after adjustment for age, serum cholesterol level, systolic blood pressure, and smoking. The ,B coefficient was -0.074 for LTPA adjusted only for age, and it decreased to -0.054 when smoking, serum cholesterol level, and blood pressure were added to the model for CHD mortality. Adjustment for smoking had a greater effect on the LTPA and CHD mortality relation at round one than did adjustment for serum cholesterol level or blood pressure. More significant results were found for the relation between LTPA and all-cause mortality than for the relation between CHD and LTPA.
The proportional hazards regression analysis of the natural logarithm of total LTPA and the major risk factors at round two showed similar results (data not shown in table) . At round two, the regression coefficient of CHD mortality for LTPA was -0.056 (t = -1.52) after adjusting for age, and it was -0.046 (t= -1.24) when smoking, serum cholesterol level, and blood pressure were added to the model. The regression coefficient for all-cause mortality on LTPA was -0.076 (t= -3.41) after adjusting for age, and it was -0.071 (t= -3.20) when the other factors were added to the model. At round two, smoking did not modify the relation between CHD mortality and LTPA, and systolic blood pressure had a slightly greater effect on the relation than did the serum cholesterol level.
In Table 5 , hazard rate ratios (a measure of relative risk) between LTPA groups were estimated from the proportional hazards regression analysis, evaluating LTPA at the geometric mean kilocalories per week expended in each category (see Table 3 ). CHD hazard rate ratio estimate for age adjustment alone was 1.39 when comparing 40 with 3,632 kcal/ wk of LTPA expended. After adjustment for other factors, CHD hazard rate ratio estimate was 1.28 when comparing the lowest with the highest activity class. All-cause death risk estimates were slightly lower. In all instances, the greatest relative risk is seen when comparing the most sedentary group with the most active group. Risk estimates for the two intermediate groups are not much different than (3, 632) ]}, where b is the regression coefficient, c is 0 for the hazard rate ratio or ± 1.96* (standard error of b) for the upper and lower 95% confidence bounds. The regression coefficient and its standard error are from for the highest activity group, supporting the hypothesis that small amounts of activity offer protection and that little increase in protection is noted for larger amounts of physical activity.
Components of Leisure Time Physical Activity and Mortality
A pattern of decreasing death rates with increasing LTPA is seen in Table 6 , where rates are presented according to amount of light and moderate activity and performance of any intense activity. Highest death rates are seen in those with no intense activity and little light and moderate activity (<750 kcal/wk of light and moderate activity, on average about 7 min/day). Men with substantial light and moderate activity (2750 kcal/wk) or any intense activity had lower rates. Although rates are generally lower among men with any intense activity and some light and moderate activity, those men who performed any intense activity and 751-1,700 kcal/wk of light and moderate activity are an anomaly, with death rates similar to those with no intense activity but 750 kcal/wk or more of light and moderate activity. This subgroup was studied further by recomputing Table 6 in two ways. First, the 113 men who died before round two were excluded to eliminate the possibility that low physical activity was a symptom of poor functional status in the time before death. Second, the table was recomputed with LTPA from round two. The pattern of findings in Table 6 from these two analyses was unchanged.
Proportional hazards regression of mortality simultaneously on any intense LTPA and the natural logarithm of light and moderate LTPA are shown in Table 7 . Both components were inversely related to CHD and all-cause mortality. Both regression coefficients of CHD death on LTPA were significant after adjustment for age and other risk factors. Intense activity remained significant when all-cause mortality was the dependent variable although light and moderate activity was not significant. Coefficients relating to all-heart disease death and to CVD death for any intense LTPA and for light and moderate LTPA were significant.
Leisure Time Physical Activity, Occupational Activity, and Mortality Table 8 presents mortality rates according to category of total LTPA, separately for those who were sedentary or active at work. There is a ten- dency for those who were active at work to be more ing only for age, and 1.28 adjusting for age and other active at leisure. For instance, 39.4% of the occu-risk factors; 2) substantial light and moderate activpationally active men reported expending 1,000 ity or any intense LTPA or both were each indekcal/wk or more at leisure compared with 31.9% of pendently related to CHD risk; 3) no significant the sedentary men. A general decrease in each of interaction was noted among mortality, occupathe mortality rates across total LTPA categories tional, and leisure time activity, though the decrease occurs for both classes of occupational activity but in mortality rates for increasing LTPA was slightly is more pronounced in occupationally sedentary more pronounced in the occupationally sedentary men. Regression tests of an interaction between group; and 4) reported LTPA increased from the mortality, LTPA, and occupational activity yielded round one to the round two examination. nonsignificant t values ranging from 1.1 to 1.4, From our assessment of the relation between depending on the mortality endpoint.
LTPA and mortality, there appears to be 30-40% greater risk of dying from CHD or from all causes in Discussion individuals who are sedentary compared with those Results from this study of a white male populawho expend over 1,000 kcal/wk in LTPA. One tion indicate that 1) LTPA was significantly inversely thousand kilocalories per week is equivalent to the related to CHD and all-cause mortality after adjustamount of energy expended during 30 minutes of ing for age, blood pressure, smoking, and serum activity for each day at a moderately intense level. cholesterol level. Associated risk estimates for CHD Risk estimates for total activity in this study, comparing sedentary to active men were 1.39, adjust-obtained from the proportional hazards regression A more pronounced decrease in mortality risk with increasing LTPA occurred for occupationally sedentary men than for occupationally active men. Although this gradient between the two occupational categories was not significantly different, the observation is consistent with other findings in this study. Occupationally active men expend substantial energy at a moderate level. Because the data show little reduction in mortality risk beyond 1,000 kcal/wk of moderate activity, leisure activity may be of secondary importance in occupationally active men. We also observed that in the second examination, more LTPA was reported. Men over 60 years of age at baseline who had retired between the examinations showed a large increase in leisure time activity. In these men, occupational activity probably was replaced with leisure time activity.
Physical activity may affect CVD risk through the intensity of the exercise or the habitual nature of the activity. In this study, little variation occurred in the data pertaining to intensity of activity because the majority of the population reported no intense LTPA. However, those who reported any intense activity, with an age-adjusted geometric mean as small as 96 kcal/wk of intense activity, were at lower risk of CHD mortality. An independent association was observed with habitual light and moderate activity greater than 750 kcal/wk. Thus, the "benefit" achieved by 100 kcal/wk of intense activity seems about equal to that achieved by 1,000 kcal/wk light and moderate activity.
Physical activity may also affect mortality through its effect on other CVD risk factors or its association with other risk factors. Physical activity has been associated with a variety of major CVD risk factors, including levels of blood pressure,26-28 and high-density lipid cholesterol. 16 An inverse relation between LTPA and smoking status has also been observed28 although other investigators have not observed a relation between occupational physical activity and smoking.29 In this study, LTPA remained significantly and inversely related to CVD mortality, though the association was attenuated by the inclusion of other CVD risk factors in the model.
In other analyses of the US Railroad Study, the relation between mortality and LTPA was examined while fitness (as measured by heart rate after walking 3 minutes at 3 mph on a 5% grade) was held constant as a variable. 30 Controlling for fitness diminished the relation between LTPA and CHD mortality. Increased fitness is likely an effect of LTPA; thus, LTPA may be related to mortality risk partially through its beneficial effect of increasing an individual's ability to perform light-to-moderate exercise. However, one issue is difficult to resolve in analyzing the relation between LTPA and fitness: LTPA was strongly related to mortality in the 5% of men who were not able to perform the exercise test.30 Because increased exercise in some age and socioeconomic status groups have become national trends, it is important to know the effect of physical activity on cardiovascular health. However, intervention studies focusing only on physical activity and CVD risk are probably not feasible.31 Attempts are usually biased because people who agree to exercise are usually very active and refuse to be part of the comparison group. Inactive persons randomly assigned to exercise groups are likely to drop out of the study. Self-selection is a problem in observational studies of LTPA in that people who are more physically active may be those more capable of physical activity. In addition, the only people who exercise are those who are able and for whom physical activity is comfortable. Therefore, developing CHD or the conditions that increase CHD risk may reduce physical activity.
In conclusion, the US Railroad Study data support the notion that physical activity, specifically that done in leisure time, protects against coronary heart disease. Physical activity appears to be directly related to the development of CHD, perhaps through its effect on the ability to perform moderate work, and it appears to have further effects mediated through lipid and blood pressure profiles, weight, and nonsmoking. Thus, these data show that increasing physical activity, particularly of a light-to-moderate intensity, is appropriate to prevent disease and to promote health.
